Effect of Glycerol as Carbon Source for Biosurfactant Production by Halophilic Bacteria Pseudomonas Stutzeri BK-AB12  by Putri, Monica & Hertadi, Rukman
 Procedia Chemistry  16 ( 2015 )  321 – 327 
1876-6196 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
doi: 10.1016/j.proche.2015.12.059 
Available online at www.sciencedirect.com
ScienceDirect
"AG8EA4G<BA4?+L@CBF<H@BACC?<87;8@<FGEL"+
9986GB9 ?L68EB?4F4E5BA+BHE689BE<BFHE946G4AG)EB7H6G<BA
5L!4?BC;<?<646G8E<4 /$1#,*,+ //0105$.( $
&BA<64)HGE<4A7*H>@4A!8EG47<
$- .0*$+0,%'$*(/0.4 +#1+&+/0(010$,%$"'+,),&4) +$" 	 +#1+&	
+#,+$/( 

<BFHE946G4AG <F 4 FHE9468 46G<I8 4:8AGF FLAG;8F<M87 5L ?<I<A: BE:4A<F@ 4F 4 F86BA74EL @8G45B?<G8F	 <BFHE946G4AG 64A 58
FLAG;8F<M875L546G8E<4<AG;8?<@<G876BA7<G<BAB9AHGE<G<BAF	"AG;<F8KC8E<@8AG5<BFHE946G4AGJ4FFLAG;8F<M874A76;4E4G8E<M87
9EB@ ;4?BC;<?<6 546G8E<4 <FB?4G87 9EB@?87H:$HJH&H7 E4G8E /$1#,*,+ / /0105$.( $J<G; :?L68EB? 4F 64E5BA
FBHE684A7$'( 4FA<GEB:8AFBHE68	,;8:EBJG;@87<H@HF87J4F%HE<48EG4A< % 4A7G;8CEB7H6G<BA@87<H@J4F ?L
&+&J<G;G;8477<G<BA4?B9F4?G6BA68AGE4G<BA	<BFHE946G4AG46G<I<GLJ4F@BA<GBE87J<G;(<?+CE847<A:,8FG(+,@8G;B7	
,;8:?L68EB?6BA68AGE4G<BAJ4FI4E<879EB@GBGBB5G4<AG;8BCG<@H@6BA7<G<BAB9546G8E<4<ACEB7H6<A:5<BFHE946G4AG	,;8
;<:;8FG(+,E8FH?GB5G4<A875L:?L68EB?6BA68AGE4G<BA49G8EG;8546G8E<4J8E8<A6H54G879BE;BHEF4G B4A7J<G;G;8
48E4G<BA E4G8 B9  EC@ J;8E8<A G;8 E8FH?G87 B<? FCE847<A: 7<4@8G8E J4F 45BHG 	 6@	 +HC8EA4G4AG J;<6; 6BAG4<A G;8
5<BFHE946G4AG :4I8 8@H?F<9<64G<BA <A78K "	 4A7JBE>87 BCG<@4??L 4G C!  GB   '4? 6BA68AGE4G<BA 4A7
G8@C8E4GHE8HAG<?  B	, E8FH?G :4I85?H8 MBA8BA G;8?H8)?4G8:4E <A7<64G87 G;4G G;85<BFHE946G4AG <F 4A<BA<6 GLC8	
<BFHE946G4AG:4I8&4G	@:
%	,"*6;4E46G8E<M4G<BA8K;<5<G87;<:;F<@<?4E<GLB9G;85<BFHE946G4AGFC86GEH@GBG;4GB9
E;4@AB?<C<7FG4A74E7	
N  ,;8HG;BEF	)H5?<F;875L?F8I<8E	.	
)88EE8I<8JHA78EE8FCBAF<5<?<GLB9*8F84E6;8AG8E9BE;8@<FGEL"A7BA8F<4A"AFG<GHG8B9+6<8A68F	
$43,.#/ ;4?BC;<?<6546G8E<4:?L68EB?(<?+CE847<A:,8FG /$1#,*,+ //0105$.( $
BEE8FCBA7<A:4HG;BE	,8?	 94K 	
* () ##.$// EH>@4A6;8@	<G5	46	<7
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
322   Monica Putri and Rukman Hertadi /  Procedia Chemistry  16 ( 2015 )  321 – 327 
 	
(<? CB??HG<BA <F 4 @4=BE G;E84G GB G;8 @4E<A8 8AI<EBA@8AG	 KC?BE4G<BA 8KC?B<G4G<BA GE4AFCBEG4G<BA 4A7
6BAFH@CG<BA B9 B<? ?847F GB 4A 8K8@CG<BA B9 ;L7EB64E5BA CB??HG4AGF <A G;8 8AI<EBA@8AG 4A7 64HF<A: F8E<BHF
CEB5?8@F GB G;8 86B?B:L	 (<? FC<?? 466<78AGF E8FH?G <A F<:A<9<64AG 6BAG4@<A4G<BA B9 G;8 B684A 4A7 F;BE8?<A8
8AI<EBA@8AGF	"GJ4F45BHG		 B9G;8GBG4?JBE?7J<78CEB7H6G<BAE846;8FGBG;8B684A 23	
+H6;<A6<78AGF;4I8<AG8AF<9<874GG8@CGFGB78I8?BCCEB687HE8F4A7G86;AB?B:<8F9BE6B@54G<A:B<?CB??HG<BA<A
G;88AI<EBA@8AG	 ,;878@4A79BEA8JFC86<4?GLFHE946G4AGF<AG;84:E<6H?GHE86BF@8G<69BB7C;4E@468HG<64?4A7
8AI<EBA@8AG4? <A7HFGE<8F <F FG847<?L <A6E84F<A:	 HEE8AG?L FB@8 B9 G;8 FHE946G4AG HF4:8 9BE 9BB7 6BF@8G<6
4:E<6H?GHE8 4A7C;4E@468HG<64?;4F4?E847L E8C?46875L5<BFHE946G4AG F<A68 <GF 8AI<EBA@8AG4? 9E<8A7?L 4A764A 58
HF87<A@4AL9<8?7F	 "A4:E<6H?GHE4?F86G<BAFHE946G4AG64A58HF874FJ8GG<A:4:8AGF4A7477<G<I8<AC8FG<6<785HG
<GQFABG8AI<EBA@8AG4??L9E<8A7?L	 +BG;8E8F84E6;4A778@4A745BHG5<BFHE946G4AGJ4F4?FB<A6E84F87	 <BFHE946G4AG
64A 58FLAG;8F<M875L @<6EBBE:4A<F@	 !L7EB64E5BA78:E47<A:@<6EBBE:4A<F@F64ACBG8AG<4??LC?4L468AGE4?EB?8<A
5<BE8@87<4G<BACEB68FF8F4F@4ALB9G;8@;4I8588AE8CBEG87GB78:E4789H8?4A77<8F8?B<?F	&4ALB<?78:E47<A:
546G8E<4 4E8 64C45?8 B9 8@H?F<9L<A: ;L7EB64E5BAF <A FB?HG<BA 5L CEB7H6<A: FHE946846G<I8 4:8AGF 5<BFHE946G4AGF
G;HF <A6E84F<A: G;8 47;8F<BA B9 68??F GB G;8 FH5FGE4G8 23	 864HF8 B9 G;8 89986G<I8A8FF 4A7 8AI<EBA@8AG4??L
6B@C4G<5?8B9G;85<BFHE946G4AG <G<FA4GHE4?GBGHEAGBG;8@<6EB5<4?JBE?7GBGELGB @88GG;<F78@4A7 23	
"A G;<F8KC8E<@8AG5<BFHE946G4AGJ4FCEB7H6875L G;8546G8E<4HF<A::?L68EB?4F G;8@4<A64E5BAFBHE68J;8A
G;86HEE8AG4I4<?45?85<BFHE946G4AG@BFG?LFLAG;8F<M87 J<G; B<?FH6;4FB?<I8B<?C4?@B<?FH6EBF84A7BG;8E64E5BA
FBHE68FG;4GDH<G86BFG?L	  ?L68EB?64A58FLAG;8F<M879EB@6;8@<FGELE846G<BA58GJ88AGE<:?L68E<784A74?6B;B?BE
64A58B5G4<A87 9EB@@<6EB5<4? 98E@8AG4G<BA	 BAF<78E<A: G;8 <A6E84F<A:A887 9BE E8A8J45?8 9H8?F G;EBH:;BHG G;8
JBE?74A7G;8<A6E84F<A:78@4A7 4A7CEB7H6G<BAB95<B7<8F8?4A8K68FFB9:?L68EB?J<??584I4<?45?8<AG;8JBE?7	
 ?L68EB?;4F588A>ABJAGB;4I8:E84GCBG8AG<4?4F64E5BAFBHE68<A5<BG86;AB?B:L<A7HFGEL	 +<A68:?L68EB?64A58
HF87 4F 4 64E5BA FBHE68 <A <A7HFGE<4? @<6EB5<B?B:L G;<F 5LCEB7H6G 477F I4?H8 GB G;8 CEB7H6G<I8 6;4<A B9 G;8
5<B7<8F8?<A7HFGEL6BAGE<5HG<A:GBG;8<E6B@C8G<G<I8A8FF	 ?L68EB?;4F4?FB588A6BAF<78E874F49887FGB6>9BEA8J
<A7HFGE<4?98E@8AG4G<BAF<AG;89HGHE8 23	
/8 HF87 ;4?BC;<?<6 546G8E<4 <FB?4G87 9EB@ ?87H> $HJH @H7 6E4G8E ?B64G87 <A $HJH .<??4:8 8AGE4? #4I4
CEBI<A68"A7BA8F<4 23	?87H>$HJH&H7E4G8E;4F;<:;F4?<A<GLFBG;84E84<F64??874FR<E 4E4@S 4A7
9BE G;8 ;<:; @<A8E4? 6BA68AGE4G<BA <F 64??87 4F R<E ?8A:S 	 (A G;<F ?8FF 94IBE45?8 8AI<EBA@8AG G;8
@<6EBBE:4A<F@F 64A:EBJ4A7 FHEI<I8	,;<F C;8AB@8ABA 64A58 64HF875L@<6EBBE:4A<F@F G;4G ?<I8 <A G;<F 4E84
;4I8 DH<G8 :BB7 F8?97898AF8 @86;4A<F@ 5L CEB7H6<A: F86BA74EL @8G45B?<G8F FH6; 4F 5<BFHE946G4AG	 !4?BC;<?<6
546G8E<4HF87<A G;<FFGH7LJ4F /$1#,*,+ //0105$.( $	
 



	 .$- . 0(,+ +#"1)0(2 0(,+,%/0105$.(
BECE86H?GHE8 G;8 FGE4<A 9EB@4  /0105$.( 6H?GHE8BA4:4E@87<H@J4F GE4AF98EE87 <AGB@%%HE<48EG4A<
@87<H@6BAG4<A<A:B9C8CGBA8B9'4?	B9L84FG8KGE46GGBCE8C4E8G;8F8876H?GHE8	,;8 FGE4<A J4F
6H?G<I4G87HA78E4:<G4G<BA EC@ 4G B 9BEP;BHEFB9<A6H54G<BAG<@8	,;8CE86H?GHE8J4FGE4AF98EE87<AGB
G;8CEB7H6G<BA@87<H@	


 )4"$.,)",+"$+0. 0(,+
 ?L68EB? 6BA68AGE4G<BA J4F I4E<87 9EB@  GB 78G8E@<A8 G;8 BCG<@H@ 6BA7<G<BA 9BE G;8 5<BFHE946G4AG
CEB7H6G<BA5LG8FG<A:G;8B<?FCE847<A:7<4@8G8E	 ,;8 ;<:;8FG(+,E8FH?GJ<??58HF879BEG;8CEB7H6G<BA	
 Monica Putri and Rukman Hertadi /  Procedia Chemistry  16 ( 2015 )  321 – 327 323

 .,#1"0(,+ +#-1.(%(" 0(,+,%!(,/1.% "0 +0
,;8546G8E<4?<FB?4G8J4F:EBJABA@B7<9<64G87 ?L68EB?&+& 23 6BAG4<A<A:J
I	B9$!)(	
$!)('4?	$'(	&:+(	!(	4?	8+(	!(	L84FG8KGE46G 	
C8CGBA4A7:?L68EB?	 ,;86H?GHE8 J4F6H?G<I4G87 <A@%8E?8A@8L8E9?4F>J<G;@%JBE><A:IB?H@8
HA78E 4:<G4G<BAEC@ 4G B9BE;BHEF	 ,;8FB?HG<BA6BAG4<A<A:5BG;546G8E<4?68??F4A75<BFHE946G4AGFJ4F
68AGE<9H:874GB4A7EC@9BE@<A <ABE78E GB E8@BI8 G;8546G8E<4?68??F	,;8B5G4<A87FHC8EA4G4AGJ4F
9HEG;8E GE84G87 5L 477<G<BA B9 468GBA8 	  <BFHE946G4AGF J8E8 B5G4<A87 9EB@ 68??9E88 FHC8EA4G4AG 5L
F8AGE<9H:4G<BA 4G B 4A7  EC@	 <BFHE946G4AGF J8E8 7<??HG87 <A J4G8E 4A7 8KGE46G87 J<G; FB?I8AG 
6;?BEB9BE@@8G;4AB? 23	 ,;8BE:4A<6 C;4F8J4F 6B??86G87 4A7 G;8 5<BFHE946G4AGFJ8E8 8I4CBE4G87 GB  E8@BI8 G;8
FB?I8AGL<8?7<A:4I<F6BHFJ;<G86B?BE875<BFHE946G4AGCEB7H6G	

 ()-.$ #(+&$/0
@% B9 C4?@ B<?J4F47787GB@%J4G8E<A4C8GE<7<F>E8FH?G<A:4AB<??4L8E	,;8AO%B95<BFHE946G4AG
J4F7EBCC87BAGBG;8FHE9468B9B<??4L8E	,;8B<?FCE847<A:7<4@8G8EJ4F@84FHE87J;8AG;8B<?J4FFG847L	O%
J4G8EHF874FG;8A8:4G<I86BAGEB? 23	

 $ /1.$*$+0,%$*1)/(%(" 0(,+ "0(2(04
@<KGHE8B9@%;L7EBC;B5<6FH5FGE4G84A7 @%B9FHC8EA4G4AGJ;<6;6BAG4<A5<FBHE946G4AGJ4FIBEG8K874G4
;<:;FC8879BE@<AHG8F	,;88@H?F<9<64G<BA46G<I<GLJ4F<AI8FG<:4G8749G8E;BHEF<A6H54G<BA4A7J4F64?6H?4G87
5L7<I<7<A:G;8;8<:;GB9G;88@H?F<BA?4L8E5LG;8GBG4?;8<:;GB9G;8@<KGHE84A7@H?G<C?L<A:5L 23	

 $ /1.(+&0'$,-0(*1*",+#(0(,+%,.!(,/1.% "0 +0/0 !()(04
,;8 FG45<?<GL B9 5<BFHE946G4AG J4F@84FHE87 5L@4<AG4<A<A: G;8 FHC8EA4G4AG 4G 7<998E8AG E4A:8 B9 G8@C8E4GHE8
9EB@BC!4A7FB7<H@6;?BE<786BA68AGE4G<BA9EB@	 ,;8C!B9G;868??9E885EBG;J4F47=HFG87
GBHF<A:&'4(!BE&!?	

 (,/1.% "0 +0"' . "0$.(5 0(,+
,;8 FLAG;8F<M87 5<BFHE946G4AGF J8E8 6;4E46G8E<M87 5L 5?H8 4:4E G8FG G8AF<B@8G8E H'HBL 4A7 BHE<8E
,E4AF9BE@"A9E4E87	BE G;85?H8 G8FG 4:4E G;8 FHC8EA4G4AGJ4F47787 GB%4:4E@87<H@6BAG4<A<A:	@:
@%
68GL?GE<@8G;L?@@BA<H@5EB@<784A7	@:
@%@8G;L?8A85?H84A7:?L68EB? GB78G86G G;84A<BA<65<BFHE946G4AG	
&87<H@6BAG4<A<A:47EBC?8GB95<BFHE946G4AGJ4F<A6H54G879BE;BHEF4GB 23	 ,;8AG;8E<G<64?&<68??8
BA68AGE4G<BAJ4F78G8E@<A874G EBB@G8@C8E4GHE85L@84FHE<A: G;85<BFHE946G4AGFHE9468 G8AF<BAJ<G;H'HBL
*<A:@8G;B7	,;85<BFHE946G4AG6BA68AGE4G<BAFJ8E8I4E<87 9EB@@:
%	&J4F78G8E@<A875LC?BGG<A:
G;8 FHE9468 G8AF<BA 4F 4 9HA6G<BA B9 5<BFHE946G4AG 6BA68AGE4G<BA 23	 BE ,"* 6;4E46G8E<M4G<BA G;8 FB?<7 CHE8
5<BFHE946G4AGJ4F6;4E46G8E<M875LBHE<8EGE4AF9BE@<A9E4E87FC86GEBF6BCL,"*	,"*FC86GE4J4F6B??86G879EB@
GBJ4I8AH@58E 6@	,;8F4@C?8J4FCE8C4E875L477<A:$E	
 
	 -0(*(5 0(,+,%!(,/1.% "0 +0-.,#1"0(,+
,;8 :EBJG; @87<H@ B9 /$1#,*,+ / /0105$.( ;4F ;<:; F4?<A<GL 5864HF8 B9 G;8 @<6EBBE:4A<F@ <F 4 ;4?BC;<?8
546G8E<4G;4G64A :EBJ4A7FHEI<I8<AG;8 ;<:;F4?<A<GL 8AI<EBA@8AG	,;8@87<H@6B@CBF<G<BAC?4L87 4A<@CBEG4AG
EB?8 9BE 546G8E<4? :EBJG; GLC8 4A7 5<BFHE946G4AG 6BA68AGE4G<BA	 <BFHE946G4AG CEB7H6G<BA J<?? 58 B66HE87 <A G;8
?<@<G87 6BA7<G<BA B9 AHGE<8AG	 ,;8 8K68FF A<GEB:8A JBH?7 ?<@<G G;8 5<BFHE946G4AG CEB7H6G<BA 5864HF8 <G JBH?7 58
7<E86G87GBG;8FLAG;8F<M87B9@4G8E<4?68??F	
324   Monica Putri and Rukman Hertadi /  Procedia Chemistry  16 ( 2015 )  321 – 327 
/$1#,*,+ / /0105$.( J4F:EBJABA ?L&+& ?L68EB?&<A8E4?+4?GF&87<H@4GBHA78E4:<G4G<BA E4G8
EC@9BE ;BHEF	 ,;8FG4G<BA4ELC;4F8B9 /0105$.( J4F@BA<GBE875L9B??BJ<A:G;8:EBJG;CEB9<?8 E8FH?G<A:
G;4GG;8FG4G<BA4ELC;4F8B9 G;<F546G8E<4 J4F<A<G<4G8749G8E;BHEFB9:EBJ<A:C8E<B7 <:		<BFHE946G4AGJ<??58
CEB7H68 <A G;8 FG4G<BA4EL C;4F8 4F F86BA74EL @8G45B?<G8F 9BE F8?97898AF8 5L 78:E47<A: G;8 FB?H5?8 BE <AFB?H5?8
64E5BAFBHE68	
4E5BA FBHE68 4?FB 6BH?758 4A <@CBEG4AG 946GBE 9BE@<6EB5<4? :EBJG;	(CG<@<M4G<BAB9 5<BFHE946G4AG BA ?L
&+&J4F64EE<87BHG5LI4EL<A::?L68EB?6BA68AGE4G<BA 9EB@	<BFHE946G4AG46G<I<GL J4F@BA<GBE875L(<?
+CE847<A:,8FG(+,J<G;;BHEFG<@8<AG8EI4?	,;8;<:;8FG(+,E8FH?GJ4FB5G4<A875L:?L68EB?6BA68AGE4G<BA
J<G; 	$'( G;4G :4I8 G;8 ;<:;8FG B<? FCE847<A: 7<4@8G8E 	 6@ 9BE  ;BHEF <:	 	/8 4?FB B5G4<A87
8@H?F<9<64G<BA<A78K49G8E;BHEFB98@H?F<9<64G<BA5LHF<A:G;<FBCG<@<M87@87<H@	

 '4/(","'$*(" )-.,-$.0($/ ,%0'$!(,/1.% "0 +0
,;8 4CC?<645<?<GL B9 5<BFHE946G4AGF <A F8I8E4? 9<8?7F 78C8A7F BA G;8<E FG45<?<GL 4G 7<998E8AG C! '4?
6BA68AGE4G<BAF 4A7 G8@C8E4GHE8F	 ,;8 FG45<?<GL B9 5<BFHE946G4AGJ4F G8FG87 <A I4E<BHF C! G8@C8E4GHE8 4A7'4?
6BA68AGE4G<BA5L(<?+CE847<A:,8FG	,;85<BFHE946G4AGCEB7H6875L /$1#,*,+ //0105$.( J4FF;BJAGB58FG45?84G
C!'4?6BA68AGE4G<BA4A7G8@C8E4GHE8HAG<? B<:		,;<FE8FH?G<A7<64G87G;4G5L<A6E84F<A:C!
<:	 	 EBJG;6HEI8B9 /$1#,*,+ //0105$.(
<:	 	 (CG<@H@6BA7<G<BAB95<BFHE946G4AGCEB7H6G<BA<AI4E<BHF:?L68EB?6BA68AGE4G<BA
 Monica Putri and Rukman Hertadi /  Procedia Chemistry  16 ( 2015 )  321 – 327 325
G;846G<I<GLB95<BFHE946G4AG4?FB<A6E84F87	,;<F6BH?75864HF875LFB7<H@;L7EBK<78G;4GFG45<?<M87G;894GGL46<7F
FHE946G4AG@<68??8F	 '4?6BA68AGE4G<BA4A7G8@C8E4GHE8JBH?749986GG;88AML@8QFC8E9BE@4A68	 ,;85<BFHE946G4AG
FG45?8 4G  '4? 4A7 G8@C8E4GHE8  B @<:;G 58 64HF87 5L /$1#,*,+ / /0105$.( <F 4 @B78E4G8 ;4?BC;<?<6
546G8E<4 G;4G6BH?7FHEI<I8J<G;F4?<A<GL6BA68AGE4G<BA9EB@GB'4? FBG;88AML@8JBH?7 JBE>BCG<@4??L<A
;<:;F4?<A<GL 4A7@<:;G58<A7<64G87G;4GG;8546G8E<4<F4?FB4G;8E@BFG45?8546G8E<4	
8F<78F78G8E@<A<A: G;85<BFHE946G4AG FG45<?<GL <AI4E<BHF 4FC86GF G;8 6E<G<64?@<68??8 6BA68AGE4G<BA &B9
5<BFHE946G4AG J4F4?FB8I4?H4G87	,;8FHE9468G8AF<BAB95<BFHE946G4AG4A7CHE8J4G8EJ8E878G8E@<A875LH'HBL
G8AF<B@8G8E4GEBB@G8@C8E4GHE8	,;8FHE946G8G8AF<BA B9CHE8J4G8E J<G;AB477<G<BA4?5<BFHE946G4AG J4F
7LA8
6@	,;8FH9468G8AF<BAB9J4G8E786?<A8 9EB@  7LA8
6@ HC GB7LA8
6@ <:	4G5<BFHE946G4AG
6BA68AGE4G<BA 	@:
%	 +B G;8 477<G<BA B9 5<BFHE946G4AG <A G;<F 8KC8E<@8AG ;4F FH668FF9H??L E87H687 G;8 CHE8
J4G8EFHE9468G8AF<BA	
 ' *+,)(-(#(#$+0(%(" 0(,+ // 4
,;85<BFHE946G4AGJ4F<78AG<9<875L5?H8G8FG4:4E@8G;B7GB78G8E@<A8G;8GLC8FB95<BFHE946G4AGJ;8G;8E<G<F4A
4A<BA<664G<BA<6ABA<BA<6BEMJ<GG8E<BA<65<BFHE946G4AG	7EBC?8GB95<BFHE946G4AGFB?HG<BAJ;<6;J4F47787GBG;8
%@87<H@6BAG4<A<A:68GL?GE<@8G;L?4@@BA<H@5EB@<78,4A7@8G;L?8A85?H8:4I845?H8MBA84F4E8FH?G
9EB@5<BFHE946G4AG E846G<BAJ<G;,	,;874E>5?H8MBA8<:	 <A7<64G87 G;4G G;85<BFHE946G4AG <F4A4A<BA<6
GLC86?4FFB9E;4@AB?<C<75<BFHE946G4AG	
<:	 	 <BFHE946G4AGFG45<?<GL 4GI4E<BHF 4 C! 5 '4?6BA68AGE4G<BAF4A7 6 G8@C8E4GHE8F @84FHE87<A B<?FCE847<A: 46G<I<GL	
<:		+HE9468G8AF<BA@84FHE8@8AG	
4 5 6
326   Monica Putri and Rukman Hertadi /  Procedia Chemistry  16 ( 2015 )  321 – 327 
,;8 ,"* FC86GEBF6BCL B9 5<BFHE946G4AG J4F 4A4?LM87 GB I8E<9L G;8 FGEH6GHE8 B9 5<BFHE946G4AG	 ,;8 ,*"*
FC86GEH@:4I8I<5E4G<BAC84>F 9BE(!9E88FGE8G6;4G	6@4?<C;4G<6:EBHC! 4A7! FL@@8GE<6FGE8G6;
4G	6@ 4A7	6@(FGE8G6;9EB@ 8FG8E9HA6G<BA4?:EBHC4G	6@ G;4G:4I84F;4ECC84>
4A7 P( 9EB@8G;8E 9HA6G<BA4?:EBHC4G	6@	,;<FFC86GHE@;4F;<:;F<@<?4E<GLJ<G;@BABE;4@AB?<C<7
FG4A74E7E8CBEG875L554F<8G4?	 23	
 
!4?BC;<?<646G8E<4 /$1#,*,+ //0105$.( FGE4<A$;4F588AF;BJA<AG;<FFGH7LGBCEB7H685<BFHE946G4AG
5LHF<A::?L68EB?4A7:4I87<99E8E8AG6;4E46G8E<FG<6FJ<G;5<BFHE946G4AGCEB7H6875LB?<I8B<?4F64E5BAFBHE68	,;8
;<:;8FG 46G<I<GL B9 5<BFHE946G4AG B5G4<A87 5L  :?L68EB? 6BA68AGE4G<BA  $'( 49G8E G;8 546G8E<4 J8E8
<A6H54G87;BHEF4GB	,;85<BFHE946G4AGCEB7H6875L /$1#,*,+ //0105$.( B5G4<A87G;8BCG<@H@FG45<?<GL4G
C!B4A7J
I'4?	,;85<BFHE946G4AG:4I8&4G	@:
%	?H8)?4G84:4E,4FF4L4A7
,"* FC86GEB9BGB@8GEL 4A4?LF<F F;BJ87 G;4G G;85<BFHE946G4AG <F 4A 4A<BA<6 GLC8 4A7@BFG ?<>8?L 4 E;4@AB?<C<7<6
5<BFHE946G4AG	
<:		*;4@AB?<C<7<78AG<9<64G<BA5L5?H84:4E@8G;B7:4I845?H8MBA8	
<:		"A9E4E87FC86GEBF6BCLB9E;4@AB?<C<7	
 Monica Putri and Rukman Hertadi /  Procedia Chemistry  16 ( 2015 )  321 – 327 327

,;<FJBE><F9HA7875LHA<I8EF<GLCE<BE<GLE8F84E6;:E4AGJ<G;G;86BAGE46GAH@58EH
	
)%
4J4E787
GB*	!	

	 F47BI 1	!	 ,4AG4JL	!	 14E54?<L8I4 "	 	 *4;<@BI *		;@47BI4 		 	 +HE946G4AGF 54F87 BA C4?@<G<6 46<7 4A7
A<GEB:8ABHF54F8F9BEE8@BI<A:G;<AB<?F?<6>F9EB@J4G8EFHE9468	 '$* 
	
	+<?I4+	'	*	%	4E<4F			*H9<AB*		%HA4#	&	+4EH55B%		  ?L68EB?4FFH5FGE4G89BEG;8CEB7H6G<BAB95<BFHE946G4AG
5L)F8H7B@BA4F48EH:<ABF4-) ,)),(#/ +#1.% "$/(,(+0$.% "$/ 	
	,H?8I4	;E<FGBI4'	B;8A*	AGBABI4	,B7BEBI,	+GB<A8I4 "	 	"FB?4G<BA4A76;4E46G8E<M4G<BAB9GE8;4?BF8 G8GE48FG8E
5<BFHE946G4AGF9EB@4FB<?FGE4<A&<6EB6B66HF?HG8HF'	 .,"$//(,"'$*(/0.4 	
	4A4G"	&	&4>>4E*	+	4@8BGE4+	+		)BG8AG<4?6B@@8E6<4?4CC?<64G<BAFB9@<6EB5<4?FHE946G4AGF	 --)($#*(".,!(,),&4 +#
!(,0$"'+,),&4	
	&H>;8E=88+4F)+8A*	,BJ4E7F6B@@8E6<4?CEB7H6G<BAB9@<6EB5<4?FHE946G4AGF	 .$+#/(,0$"'+,) 	
	/4A:1	1;H:8#	4A:!	 )E<BE		  ?L68EB?CEB7H6G<BA5L@<6EB5<4?98E@8AG4G<BA4E8I<8J (,0$"'+,),&4#2 +"$/ 
	
	FLQ4E<&	)4EJ4G4"	)	7<G<4J4G<)	!8EG47<*	 "FB?4G<BA 4A7"78AG<9<64G<BAB9!4?BFG45?8%<C4F8)EB7H6<A:46G8E<49EB@,;8
?87H:$HJH&H7E4G8E%B64G874G)HEJB747< EB5B:4A8AGE4?#4I4"A7BA8F<4 ,1.+ ),%1.$ +#--)($#(".,!(,),&4	
	1;4A: 0	 &<??8E *	&	 	 A;4A68@8AG B9 B6G47864A8 7<FC8EF<BA 4A7 5<B78:E474G<BA 5L 4 /$1#,*,+ / E;4@AB?<C<7 FHE946G4AG
5<BFHE946G4AG	CC?<874A7AI<EBA@8AG4?&<6EB5<B?B:LP	
	+4GCHG8 +	 $	 ;4JF4E 	 	 ;4>8C;4?>4E )	 $	 ;BC478 	 	  FF8FF@8AG B9 7<998E8AG F6E88A<A: @8G;B7F 9BE F8?86G<A:
5<BFHE946G4AGCEB7H6<A:@4E<A8546G8E<4 +#( +,1.+ ),% .(+$"($+"$/ 	
	 BBC8E	 	 4A7  B?78A58E:	 	  +HE946846G<I84:8AGF9EB@GJB  "())1/ FC86<8F --)($#+2(.,+*$+0 )(".,!(,),&4  	
	 &<:4;87&		GGL4&	&	*4F;J4A+	&	57?*4BH9&	?+454:;	&	+LAG;8F<FB9+B@8'BI8?'BA"BA<6+HE946G4AGF
4F87BA,B?LE<4MB?84A7I4?H4G<BA,;8<E)8E9BE@4A684FBEEBF<BA"A;<5<GBEF9BE4E5BA+G88? &4-0( +,1.+ ),%$0.,)$1* 	
	 554F< !	 !4@87<&	&	 %BG94547 ,	 	 14;<E< !	 +	 +;4E49< !	&4FBB@< 	 'B:;45< $		  <BFHE946G4AGCEB7H6<A:
546G8E<H@ )F8H7B@BA4F 48EH:<ABF4 & <FB?4G87 9EB@ FCB<?87 4CC?8F C;LF<6B6;8@<64? 4A7 FGEH6GHE4? 6;4E46G8E<FG<6F B9 <FB?4G87
5<BFHE946G4AG ,1.+ ),%!(,/"($+"$ +#!(,$+&(+$$.(+&  	
